In this paper is analyzed the relation between GDP growth and External balance in Colombia for the study period by using a VECM. Supposing everything else unchanged, we conclude that Colombian external balance granger caused GDP growth and there was indeed a long run relation between both variables. This outcome helps to explain the Colombian GDP growth dynamics over the last fifty years and the impact of trade policy on economic growth.
Introduction
In most of the XX century, Colombian trade policy was aimed to promote economic growth through an increasing External balance and a pretty active intervention on exchange rate and trade markets. That policy was mainly grounded on Prebisch and CEPAL views of Latin American developing countries and their historical low trade terms regarding to developed countries as one of the main causes of their underdevelopment. In Colombia, this trade practices began to change since 1986 in Virgilio Barco's presidential term. However, in 1990, President Gaviria's government started la Apertura económica that was a gradual process intended to achieve a greater trade openness and. This policy diminished trade tax in more than 20 per cent, reduce effective protection from 75 per cent to 21 per cent, etc. (Villar et al, 2015) . The next four presidents continued this process, but since 2002, Uribe's term and his successor boosted it even more with the sign of more than ten Free trade agreements, including with the USA in 2012 and the EU (Urquijo, 2015) . Besides, it is member of regional agreements in trade issues, such as la Alianza del Pacifico and CAN (Montoya et al, 2016) .
To study the relation between GDP growth and External balance, in Colombia for the study period , the last fifty years, it is suitable an economic model for an open economy as Mundell-Fleming (Fleming, 1962) ii. Negative if External balance in year t is greater than zero and External balance in year t-1 is letter than zero or another way around:
Since the kind of relation between GDP growth and External balance in year t is not always the same, but also depends on External balance in year t -1 and these latter ones could be actually positive, negative or even zero, it is hard to determine the kind of relation. A VAR model is useful, as in the case of the relation between GDP growth and External balance, it is not easy to distinguish or characterize the structure of relations between two or more variables (Novales, 2014) . However, as External balance elasticity of GDP (in level) in year t is unitary, we suppose as our initial hypothesis, that the relation between GDP growth (growth rate) and External balance (in level) was positive in Colombia, in the study period :
In fact, , of Colombia was positive: 0.15, but relatively inelastic, on average, in the study period.
2. Econometric analysis.
VAR Model
An econometric analysis is done, intended to, clarify a bit more the relation between External balance and GDP growth. This is done through a special kind of VAR model (Vector auto regression) called VEC (Vector error correction) both make it possible to find the multiple linear relations among time series, but besides the latter provides information about long-run equilibrium between variables and how fast they come back to it, after short-run shocks (Novales, 2014) . Stock and Watson (2001) warn us, one of the main problems of VAR models is its interpretation, since identification problem normally arises; it is difficult to discern between correlation and causation. Solving that problem is not just a statistical issue, but it requires adding a theoretical framework, that in this work was already presented above.
According to EViews (2018) , for the case of a two-time series system, one cointegrating equation between them ( 2 = ℵ 1 1 + 1 ) and one lagged difference, the first equation of VEC model is:
∆ 1, = ( 1, −1 − ℵ 11 2, −1 − 1 ) + ℵ 12 ∆ 1, −1 + ℵ 13 ∆ 2 −1 + K 1 + 1
(Equation 3)
where, ∆ 1, _1t is the first difference of the first endogenous variable; 1, −1 is the first endogenous variable with one lag; ℵ 11 is coefficient of the sole cointegration equation;
1 is constant term of the sole cointegration equation; ℵ 12 is coefficient of coefficient error term of the first variable with one lag; ℵ 13 is coefficient of coefficient error term of the second variable with one lag; 1 are residues of the first equation of VEC model; K 1 is constant term of the first equation of VEC model ; is coefficient of the error correction term in long run equilibrium of the first variable, it must be <0 and measures speed of adjustment of the first variable towards long-run equilibrium (EViews, 2018 1963 1965 1967 1969 1971 1973 1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 1963 1965 1967 1969 1971 1973 1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 In this work, it is assumed that both trends are stochastic. In fact, most economic series also are it, thus it is a weaker assumption than deterministic trend one. Besides, for any amount of non-infinite data there is a deterministic trend and stochastic trend that fits the data equally well (Hamilton, 1994) . A Stochastic trend mean involves nonstationarity (Hamilton, 1994) .
Graphical analysis

Unit root test
According to Hamilton (1994) , the ADF test (augmented Dickey-Fuller) contrasts the null hypothesis that the series has a unit root, which means that it is non-stationary. The alternative hypothesis asserts that the series does not have a unit root, consequently the series is stationary. Only in case of rejection of the null hypothesis at a level of significance: ; it is possible to assert that there is significant statistical evidence to assert that the series is stationary and if so does, it is possible to use the VAR model, avoiding doing a spurious regression. In this work, the chosen significance level is: = 0.05.
In Figure 3 
Integration order
Akaike information criterion
In order to select the optimal number of lags for our model VEC, it is suitable to use the Akaike information criterion (AIC), which estimates how much information a stochastic process provides in comparison to other ones (Novales, 2014) , To get this criterion, it is necessary to run a VAR model, in spite of the fact that both series are non-stationary. The optimal number of lags in VEC models is one lesser than that VAR model. The AIC results that the most suitable VAR or that one which provides the most amount of information is a VAR model with two lags: VAR (2) (See Annex 4), therefore our VEC model should have an optimal number of lags equal to one: VEC (1).
The cointegration test of Johansen
The cointegration test of Johansen estimates whether a pair or more series are cointegrated one another or not. This test can have many null hypotheses; each one asserts that does not exist a determined cointegration level. In our case, given the fact that the both series have a stochastic trend, it must be tested by assuming that there is deterministic trend in data and the sole cointegrating equation has intercept and VAR test (EViews, 2018) . The results of this tests does not reject the null hypotheses at the 0.05 level, consequently the model is cointegrated (See Annex 5.), which is ideal because it guarantees that the cointegration rank of differentiated series is not zero (Enders, 2003) .
Estimated VAR model
After having checked that the series are non-stationary, have the same integrating order: I (1) and the optimal number of lags of VEC model, it is possible to run a VEC (1) 
Assumptions
It is broadly known that in VAR models, parameters and R 2 coefficient are not usually interpreted (Sosa, 2016) . It must be checked that the estimated model is not a spurious regression, that is to say the series reflect a significant implicit relation between GDP 
Correlograms
First, we see the correlograms of residuals of the equations of our model until 12 lags, in order to check that there is not autocorrelation among them (See Annex 6.). We find that in an equation appears to be autocorrelation of thirteen order, however other Autocorrelation tests discard this possibility. The VEC Portmanteau test for autocorrelations have as null hypothesis that there is not serial correlation for each lag.
To verify the non-autocorrelation of residuals assumption, the VEC estimated model is tested, in our case up to twenty lags, resulting that the model fulfills this assumption in the Portmanteau tests, at a significance level: = 0.05, (See Annex 7.). For the rest of lags, there is not any problem, thus this assumption is completely fulfilled.
Stability of VEC model
In order to verify the stability of the VEC model across the time, through the inverse roots of the characteristic AR polynomial test, it is vital to know that in a VEC model only k-r roots should be equal to unity, where k is the number of endogenous variables and r is the number of cointegrating relations (EViews, 2018 Variations in GDP growth did not explain in a temporary sense the External balance, in the study period.
Variations in the External balance did explain in a temporary sense the variations in the GDP growth, in other words, they explain, at least partially (in a temporary sense), the GDP growth.
Impulse response functions.
The residuals of the VEC model: 1 and 2 can be thought as deviations (impulses, random shocks or innovations) of each one of the endogenous variables from a perfect estimation (Stock & Watson, 2001) . The impulse response functions of the model express how the behavior of one endogenous variable changes against a simulated random shock (innovation) of the other variables' residuals or theirs. It is supposed that all other errors are equal to zero and that a particular error of the estimated VECM (random shock) returns to zero afterwards, in the long-run (Stock & Watson, 2001) . In this case, it is supposed responses up to 20 periods after the random shock and the decomposition method used is Cholesky (DOF adjusted), with innovations equal to one standard deviation: The Figure 6 shows the effect of an unexpected one standard deviation increase in the External balance (blue line) and the GDP growth (red line) on the External balance.
The Figure 6 depicts as a shock or increase of External balance in one standard deviation increases the External balance, having a permanent effect on itself through the 20 periods, that is to say, the long-run. As for, the GDP growth, their innovations have a slight positive effect on External balance initially, but from third lag this effect changes and becomes a negative one, but its effect is too weak though. A random shock on External balance lasts up to twentieth-post-impulse period. In other words, innovations spread in the long run. 
Source: World Bank (2018). Estimation made on EViews.
The Figure 7 shows the effect of an unexpected one standard deviation increase in The GDP growth (red line) and the External balance (blue line) on the GDP growth. As for, GDP growth, as expected its own innovations have a strong positive effect on GDP growth itself initially, which decrease abruptly from the second lag but keeps on being positive up to the seventh period, from where begins to wane and becomes almost nil, in other words has an effect in medium-run. On the other hand, initially, an innovation of the External balance increases mildly GDP growth, but having a permanent effect through the 20 periods though, that is to say, a random shock of External balance lasts up to twentieth-post-impulse period. Put simply, innovations of the External balance on the GDP growth spread in the long run. Theil index is a good benchmark to help gauge results. The closer Theil inequality coefficients are to 1, the lesser ability to forecast the model has. On the other hand, the closer Theil inequality coefficients are to 0, the greater ability to forecast the model has (Woschnagg & Cipan, 2004) . In the estimated VEC model case (See Table 2 .), the Theil index of The GDP growth is 0.71, (Equation (4) As has been said at the beginning of this paper, GDP growth depends not only on GDP growth and External balance. Furthermore, by not taking into account these variables, the model VECM avoids losing degrees of freedom (n-k; k is the number of parameters) to the most. By doing so, we make the estimated model as parsimonious as possible.
Discussion and conclusions:
Now, we are able to answer the fundamental question, with which this work started:
What was the relation between GDP growth and External balance in Colombia, in the long run, during the period: 1963-2016? The econometric analysis helped to determine the validity of our initial hypothesis, in the period 1963-2016, the GDP growth, and the External balance had a positive relation in the long-run. After that, it was checked out that the External balance did Granger cause the GDP growth, this entails that during the study period, there was a direct and a causal relation (in a temporary sense) between External balance and GDP growth, but its effect was mild, though.
Given the fact, that the definition of External balance, according to the World Bank is difference between Exports of goods and services minus Imports of goods and services (World Bank, 2018) . A change of sign of the average of the External balance involves an external deficit on average, and therefore as the External Balance Granger causes GDP growth, an average external deficit must have a negative impact on the economic growth, what along with the external balance Elasticity of GDP, the estimated impulse response analysis and the granger casualty test, supports the validity of our initial hypothesis, A positive External balance or a trade surplus could boost economic growth, through several ways, for example an increase of exports, better terms of trade, a decrease of imports, or a rise of productivity of factors in export sectors that rises their income shares, (Casas & Guzman, 2015) . Actually, External balance depends, at least partially, on foreign GDP, through demand of exports, but also depends on local GDP, negatively at least partially, through demand of imports (Oliveros & Huertas, 2015) and in turn local GDP depends positively of imports, since a percentage of imports is used as input in local production, etc. That's why having chosen a VAR model was a suitable option, since it deals with both External balance and GDP growth as endogenous variables, helping us to deal with problems of endogeneity, at least empirically. In the study period, in Colombia, External balance caused in a temporary sense to GDP growth, and not another way around.
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